Summary. The 
Introduction
The induction of seminiferous tubule damage in adult rats by a variety of experimental techniques such as cryptorchidism, X-irradiation, hydroxyurea treatment or vitamin A deficiency, results in marked changes in Leydig cell morphology and function (Kerr, Rich & de de Kretser, Sharpe & Swanston, 1979) . Typically, there is an increase in Leydig cell volume and hypertrophy of the cellular organdíes involved in steroidogenesis . Surprisingly, despite these changes and the raised circulating levels of luteinizing hormones (LH) characteristic of such animals, the serum levels of testosterone are generally low to normal, and the testosterone response to injected LH or human chorionic gonado¬ trophin (hCG) is generally subnormal  Rich & de Damber, Bergh & Janson, 1980; Schanbacher, 1980b) although it is increased if enormous doses of hCG are injected (Risbridger, Kerr, Peake, Rich & de Kretser, 1981b) . Paradoxically, when the maximal steroidogenic response of testicular tissue from rats with damaged seminiferous tubules is assessed in vitro (by incubation with hCG), the amounts of testosterone secreted are always [2] [3] [4] times greater than in controls Schanbacher, 1980a) . This difference between in-vivo and in-vitro findings is unexplained.
would result in decreased transport of gonadotrophin to the Leydig cells and hence 'apparent' impairment of testosterone responsiveness to gonadotrophin in vivo, but not in vitro because the mechanism would be irrelevant under these conditions. Impairment of capillary wall permeability in the cryptorchid testis would thus neatly account for the opposition of in-vivo and in-vitro findings detailed above. This paper explores this possibility. Materials (CR 115; c.p.m.); injections were given subcutaneously in 0-2 ml 0-9% (w/v) NaCl containing 0-2% (unlabelled) BSA. Groups of 3 rats in each treatment group were killed with C02 at 2, 4, 8, 16, 24 and 40 h after injection and subjected to the procedures described below.
Collection of samples and measurement of radioactivity. The methods used were essentially the same as those described previously (Sharpe, 1980 (Sharpe, , 1981 (Sharpe, Fraser & Sandow, 1979 (Setchell & Sharpe, 1981) and these factors strongly influence hCG 'uptake' (Sharpe, 1981) Estimation of the proportional uptake of12SI-labelled hCGfrom testicular interstitial fluid. This was assessed as described previously (Sharpe, 1981) and is based on the principle that as BSA is of a molecular size similar to hCG, it will pass from the bloodstream into testicular interstitial fluid at a rate similar to that of hCG, but it is not taken up by receptors in the testis. Therefore, the interstitial fluid/serum ratio for BSA gives a measure of how much hCG would be in the interstitial fluid if there was no uptake of this hormone onto LH (hCG) receptors. The difference between the interstitial fluid/serum ratio for 125I-labelled BSA in rats injected with hCG + 125I-labelled BSA and that for 125I-labelled hCG in rats injected with hCG + 125I-labelled hCG thus provides a measure of what proportion of the hCG in interstitial fluid has been taken up onto hCG receptors.
The statistical significance of results was assessed using 2-factor analysis of variance (with replication) and Student's t test.
Results

Testicular tissue weight and interstitialfluid volume
In neither of the treatment groups did testicular tissue weight vary significantly with time, but in cryptorchid rats the weight of the testes was on average only 36% (P < 0-001) ofthat in controls (Table 1) . In control rats injected with hCG (and 125I-labelled BSA or 125I-labelled hCG), the volume of testicular interstitial fluid increased significantly (P < 0-05) between 2 and 4 h, reached a peak at 8 h ( < 0-001) and had returned to the starting level by 40 h (Table 1) . In cryptorchid rats, the interstitial fluid volume was always considerably greater (P < 0-001) than in controls and hCG injection led to a significant increase (P < 0-001) in interstitial fluid levels at 16 and 24 h with some evidence of an earlier increase at 8 h; as in controls, the fluid volume had returned to starting levels by 40 h. As changes in the volume of interstitial fluid are a reliable guide to changes in capillary wall permeability (Setchell & Sharpe, 1981) In rats injected with hCG + 125I-labelled hCG the serum 125I levels reflected predominantly protein-associated 125I as judged from TCA precipitation (Text- fig. 3 ), although there was a clear increase with time in the proportion of TCA-soluble 125I activity. However, this change was equally evident in control and cryptorchid rats. In contrast, the TCA-precipitable 125I activity in interstitial fluid was always lower than that in the corresponding serum sample, a difference that was particularly marked in the first 8 h (Text-fig. 3 ). This coincided with the period when the proportionate uptake of ' 25I-labelled hCG from interstitial fluid was at its peak (see below) and it is this selective removal of intact (i.e. protein-associated) 125I-labelled hCG onto receptors that is primarily responsible for increasing the relative proportion of TCA-soluble 125I activity (see Sharpe, 1980 Sharpe, ,1981 Sharpe, 1981) . 31-4 ± 5-8 59-9 ± 21 61-7 ± 1-6 37-4 ± 5-2 14-4 ± 40 2-6 + 40 58-2 40-2 500 16-5 14-9 13-8 ± 4-7** ± 6-5** ± 2-9** ± 1-0** ± 3-0 ± 3-4* Values are mean ± s.d. for 3 rats at each time and were derived from the ratios shown in Text- fig. 4 (see text for details).
*P < 005, **P < 001, in comparison with values for respective control group (Student's t test).
Text- fig. 4 . Temporal changes in the interstitial fluid to serum ratio of 125I activity after injection of control and cryptorchid rats with a total of 45-5 i.u. hCG which included 125I-labelled BSA or 125I-labelled hCG. Each point is the mean ± s.d. for 3 rats and values were derived from the data illustrated in Text- fig. 2 . The shaded area indicates the difference between the ratios for 125I-labelled BSA and ' 25I-labelled hCG and provides a measure of the proportionate uptake of the latter from interstitial fluid onto testicular LH (hCG) receptors (see Table 2 and text).
The pattern of hCG uptake from interstitial fluid was significantly different in the two groups (Table 2) . Most importantly the proportionate uptake of hCG in control rats was highest at 4-16 h which coincided (1) with the highest blood (and therefore interstitial fluid) levels of hCG (Text- fig.  2 ) and (2) with the maximum increase in interstitial fluid volume as a result of increased capillary wall permeability (Table 1 ). In contrast, hCG uptake in cryptorchid rats was significantly lower than in controls at these times, and the maximum proportionate uptake (2-8 h) preceded any major increase in capillary wall permeability.
The rate at which the interstitial fluid:serum ratio for 125I-labelled BSA approaches equilib¬ rium also provides an indication of capillary wall permeability (Setchell & Sharpe, 1981) , and although there was no major difference in this value between control and cryptorchid rats, values in the latter were slightly but consistently lower (P < 0-001) than in controls (Text- fig. 4 ).
Discussion
This paper demonstrates gross impairment of gonadotrophin uptake in vivo by the cryptorchid rat testis, and this occurs despite the increased number and size of the Leydig cells and the much larger relative volume of interstitial tissue in such testes. This impairment may explain the discrepancy between previous reports which demonstrated reduced steroidogenic responsiveness of the cryptorchid rat testis in vivo but enhanced responsiveness in vitro (see 'Intro¬ duction'). It may also explain why serum levels of testosterone in the bilaterally cryptorchid rat are low to normal in the face of raised circulating levels of LH (see de Kretser et al, 1979) , and it has considerable implications with respect to the aetiology of Leydig cell changes resulting from induction of cryptorchidism.
The primary aim of the present investigation was to test the possibility that there was impair¬ ment of capillary wall permeability in the cryptorchid rat testis. One manifestation of such a change would be reduced gonadotrophin uptake by the Leydig cells as a result of decreased gonadotrophin transport to the Leydig cells (Sharpe, 1981) . However, no gross difference in capillary wall perme¬ ability was observed between the cryptorchid and normal testis as judged by the rate at which the interstitial fluid : serum ratio of 125I-labelled BSA reached equilibrium (Text- fig. 4 ), although at all time points studied the actual values for this ratio were slightly but significantly lower for cryptor¬ chid than for normal testes; this might suggest that a subtle decrease in permeability had occurred. In keeping with this observation there was a distinct difference between control and cryptorchid rats in the capillary response to hCG. Thus the hCG-induced accumulation of interstitial fluid, which reflects an increase in capillary wall permeability (Setchell & Sharpe, 1981) , occurred 4-16 h after injection in control rats with a peak response at 8 h (Table 1 (Sharpe, 1981) , the difference in the timing of this response in control and cryptorchid rats could be a major factor in accounting for the difference in hCG uptake in these two situations. It is particularly relevant that the peak increase in capillary wall permeability in control rats coincides with the period when blood (and interstitial fluid) levels of hCG are at their highest (4-8 h), whereas the corresponding peak in capillary permeability in cryptorchid rats (16-24 h) occurs at a time when blood levels of hCG are declining.
This delayed increase in capillary wall permeability is, however, only one factor contributing to a reduction in hCG uptake by the cryptorchid testis. Even when hCG has crossed the capillary wall into testicular interstitial fluid, its uptake from this medium is significantly reduced compared with that in controls over the period 4-16 h after injection (Table 2 ). Once again this deficit occurred at the crucially important time when circulating levels of hCG were highest and when the changes in capillary wall permeability were greatest. This decrease in hCG uptake from interstitial fluid may simply be a consequence of the much larger volume of interstitial fluid in cryptorchid compared with control testes, i.e. total uptake of hCG is unaffected but uptake per unit volume of interstitial fluid is reduced because of the increased fluid volume. Alternatively, the reduced uptake of hCG from interstitial fluid may be a consequence of the reported 60-70% decrease in the number of LH receptors per Leydig cell in the cryptorchid rat testis Risbridger et al, 1981b ).
The present results do not clearly resolve the aetiology of reduced gonadotrophin uptake by the cryptorchid testis, although they suggest that the cause is probably multi-factorial. All of the factors measured in this study which would influence hCG uptake were impaired in cryptorchid rats to some extent and these changes and the reported reduction in LH-receptor numbers could easily account for the decrease in hCG uptake.
Although hCG has different receptor-binding characteristics and a much longer half-life than rat LH, it is not unreasonable to assume from the present findings that there is impairment of testicular uptake of endogenous LH by the cryptorchid rat testis. Indeed, the fact that serum levels of testosterone in the cryptorchid rat are low to normal in the face of chronically raised blood levels of LH (see de Kretser et al, 1979) suggests that the testes are not 'seeing' all of this LH, because such testes are capable of responding in vitro with supranormal testosterone secretion (Risbridger et al, 1981b) . On the other hand, Leydig cells from cryptorchid rats show many features consistent with increased exposure to LH, e.g. hypertrophy of cellular organdíes, an increase in cell size and a loss of LH receptors (references in 'Introduction'), but these changes may not be the result of increased stimulation by LH because (1) all of the described changes occur before any increase in blood levels of LH (Risbridger et al, 1981b) , and (2) exactly comparable changes occur in the abdominal, but not in the scrotal, testis of adult rats made unilaterally cryptorchid, and are not associated with any major increase in serum LH levels (Risbridger, Kerr & de Kretser, 1981a Sharpe, 1982) . The present findings add weight to this interpreta¬ tion as they suggest that the cryptorchid rat testis has a reduced ability to detect, and thus to respond to, the raised blood levels of LH.
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